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ABSTRACT 



Many educators promote the goal of "scientific literacy for 
all" as the central organizing theme of their discipline. On the other hand, 
some critics of the goal are now becoming more vocal . One issue in particular 
concerns the charge that scientific literacy is a "vague, ill-defined" 
concept. Different meanings or interpretations for the goal could have 
significant impacts on its implementation and achievement. This interpretive 
synthesis of the literature on the concept of scientific literacy considers 
how science educators have historically defined and described scientific 
literacy, and ascertains whether or not fundamental differences in meanings 
and interpretations are really present. Among these findings are the elements 
comprising the concept of scientific literacy have nearly doubled since the 
term's introduction in 1952. The elements most commonly associated with 
scientific literacy include conceptual knowledge of the sciences, and the 
relationships between science and society, and science and technology. No two 
publications list exactly the same elements for scientific literacy, but 
there have been no new elements added to the accrued list since the 
introduction of the first national policy document for the goal in 1989. 
However, the reform documents that purport to define the term give it a 
definition that is many dozens of pages in length. It is suggested that 
shorter, more understandable definitions for the term might be useful. 
Alternatively, 'scientific literacy' has also taken on status as a slogan, 
and as such it may actually be beneficial not to define it too closely. 
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Science Educators’ Views on the Goal of Scientific Literacy for All: 

An Interpretive Review of the Literature 
Abstract 

S' 

Many science educators promote the goal of “scientific literacy for all” as the central organizing 
theme of their discipline. On the other hand, some critics of the goal are now becoming more 
vocal. One issue in particular concerns the charge that scientific literacy is a “vague, ill-defined” 
concept. Different meanings or interpretations for the goal could have significant impacts on its 
implementation and achievement. This interpretive synthesis of the literature on the concept of 
scientific literacy considers how science educators have historically defined and described 
scientific literacy, and ascertains whether or not fundamental differences in meanings and 
interpretations are really present. Among the findings are the elements comprising the concept of 
scientific literacy have nearly doubled since the term’s introduction in 1952. The elements most 
commonly associated with scientific literacy include conceptual knowledge of the sciences, and 
the relationships between science and society, and science and technology. No two publications 
list exactly the same elements for scientific literacy, but there have been no new elements added 
to the accrued list since the introduction of the first national policy document for the goal in 
1 989. However, the reform documents that purport to define the term give it a definition that is 
many dozens of pages in length. It is suggested that shorter, more understandable definitions for 
the term might be useful. Alternatively, ‘scientific literacy’ has also taken on status as a slogan, 
and as such it may actually be beneficial not to define it too closely. 



Acknowledgments 

I would like to express appreciation to the many individuals who have given me feedback or 
encouragement during the research process. I also gratefully acknowledge receiving travel 
support from the AERA/Spencer Graduate Fellowship Program. The views expressed herein are 
those of the author and do not represent those of AERA or the Spencer Foundation. 




1 



3 



SCIENTIFIC LITERACY 



Science Educators’ Views on the Goal of Scientific Literacy for All: 

An Interpretive Review of the Literature 
Introduction 

Many science educators in the United States (and elsewhere) currently promote the goal of 
“scientific literacy for all” as the central organizing theme of their discipline. However, the goal 
of scientific literacy for all is not without its critics. One issue in particular concerns whether or 
not a consensual definition for the term “scientific literacy” currently exists. Although the roots 
of the “scientific literacy” concept certainly extend back two centuries or more (Bybee, 1997; 
Chun, Oliver, Jackson, and Kemp, 1999; DeBoer, 1991; Hurd, 1987, 1990, 1998), the term itself 
apparently originated in the 1950s (Conant, 1952). Just a few years later, science educators 
realized that the term had taken on multitude of meanings (Carlton, 1963; Johnson, 1962; 
Koelsche and Morgan, 1964). Atkin and Helms (1993) assert that the broad goal of scientific 
literacy is actually a collection of many different aims or more narrow goals that have 
accumulated over time. In their view the meanings for “scientific literacy” have continually 
expanded rather than becoming more refined and focused. Matthews (1994) states “there is no 
one correct definition of science literacy; it is a matter of different conceptions proving their 
worth for the promotion of particular ends.” In other words, one’s definition may depend upon 
one’s purpose at the moment. 

Scientific literacy’s most vocal critic, the physicist Morris Shamos has stated: 
there is no consensus on what ‘scientific literacy’ means or should mean. Instead, 
everyone involved with science education appears to have a vague, ill-defined notion of 
what it should mean, ranging from the simplistic view that any exposure to science 
contributes something to the state of mind called ‘scientific literacy,’ to the equally 
naive view that scientific literacy means being able to think like a scientist. (Shamos, 

1995, p. 160) 

However, Bybee ( 1 997) counters asserting that scientific literacy has not been defined shows 
either an ignorance of the historical literature, or a particular dislike for the definitions that have 
been put forth. On the other hand, Laugksch (2000) contends that scientific literacy does have 
“different meanings and interpretations” due to a complex interaction between factors associated 
with the goal, such as different interest groups, conceptual definitions in the literature, nature of 
the concept, rationales for the goal, and ways of measuring it. So, despite an early realization that 
the concept had a number of meanings, and hundreds of publications concerning scientific 
literacy in the years that followed, nearly 50 years after its origin Laugksch (2000, p. 71) 
contends there is still “a view that scientific literacy is an ill-defined and diffuse concept.” As 
Maienschein (1999) puts it, ‘“Scientific literacy’ has become a buzz phrase to capture different 
things, a confusion that is useful at times because it allows people to think they agree when they 
really do not. Yet, hiding disagreements also keeps us from understanding how we might make 
things better.” 

If there is indeed a lack of consensus on the meaning of “scientific literacy,” it logically 
follows there can be little agreement on how to work towards it and how to know when it has 
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been achieved. On the other hand, some might say that having a single definition for an 
educational goal such as scientific literacy is too limiting and may even be damaging in the long 
run. For example, a universal definition carries with it certain implications of uniform methods 
of implementation, assessment, etc. that does not respect individual or local differences (Heath, 
1986). It may be that the ideal of “for all” when attached to “scientific literacy” necessitates a 
multitude of meanings (and rationales) for the goal. 

Purpose and Research Questions 

Bybee (1982, p. 2) stated, “Understanding the history of science education gives a perspective 
on present events. Having historical perspective does not make decisions easier, but it enables 
individuals to see consequences and alternatives which might otherwise be overlooked.” 
Unfortunately, he found there is a “regrettable lacunae in the literature of science education” 
regarding historical research (Bybee, 1982, p. 1). Of the thousands of articles and dissertations 
he surveyed, less than 2% “were about the history of science education” (Bybee, 1982, p. 1). A 
few books taking a historical look at science education have been published since Bybee made 
these remarks (e.g., DeBoer, 1991), but my sense is the science education research literature still 
largely lacks historically-oriented publications. Thus, one purpose of this paper is to help 
contribute to the historical literature on science education in the hopes that it will have “a 
positive benefit to both the individual initiating the research and to the profession” (Bybee, 1982, 

p. 2). 

The other purpose of this interpretive synthesis of the literature is to investigate how science 
educators have historically defined and described scientific literacy, and to ascertain whether or 
not fundamental differences in meanings and interpretations are (were) really present, and if so, 
what are some of the implications. Specific research questions include: 

1) What are the current and historical “elements” of the scientific literacy concept? That is, 
what are the major types of knowledge, skills, attitudes, etc. that are said to result in or be 
displayed by a scientifically literate person? 

2) Has the concept of scientific literacy changed significantly since its introduction? 

3) Is scientific literacy still a “vague, ill-defined” concept, as Shamos (1995) alleges? 

4) Do the elements of scientific literacy accrete over time, as Atkin and Helms (1993) assert? 

5) Have recent national policy documents brought consensus to views of scientific literacy, at 
least among science educators, as Bybee (1997) suggests? 

One question not addressed here is the question of why scientific literacy is promoted as a 
necessary or desirable state, i.e., the rationales for the goal. I address this question in another 
paper (Kemp, 2000). 



Methods 

Historical research can broadly be defined as “the process individuals use to identify 
significant ideas, events, persons and institutions of the past” (Bybee, 1982, p. 3). Facts alone 
have little meaning, so the researcher analyzes and interprets pertinent information in an attempt 
to establish “significant relationships about past phenomenon” (Bybee, 1982, p. 4). Perhaps the 
key words in the preceding sentences are “significant” and “pertinent.” The sources included in 
this review include articles, books, and archived or microfiche documents dealing with the 
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concept of scientific literacy. If one types the key words “scientific literacy” into the ERIC 
database, more than 1 000 references can be located. To limit the pool of potential documents to 
a more manageable number, I had to employ a number of criteria. First, there was my 
overarching purpose which was to locate documents that were about scientific literacy, i.e., not 
those that merely used the concept but those that explained, defined, described or otherwise 
explored the meaning for the term or goal. This reduced the number considerably. Second, as I 
was primarily interested in scientific literacy’s history in the United States, I only considered 
English language documents, and only those that I considered to be readily available in the US. 
Thirdly, only those documents that are cited in other documents about scientific literacy are used 
(with the exception of some the latest ones). In other words, even if a document was about 
scientific literacy and was widely available, I did not consider it if it had not been cited 
elsewhere. And finally, I had to be able to gain access to the documents. For example, Bybee 
(1997), Laugksch (2000), and others cite the “Scientific literacy papers” from Oxford, UK, but I 
could not locate a copy of these “papers” and so they are not reviewed here. 

One limitation of the study is I have not included sources that do not use the term “scientific 
literacy” or one of its morphs, but which may well have contributed to the development of the 
concept. For example, I did not use sources that refer to one particular aspect of scientific 
literacy, e.g., “intellectual independence” (Norris, 1997), nor those that might have spoken about 
“public understanding of science” or “science for all,” unless they directly address “scientific 
literacy” as well. Even though these latter phrases are often viewed as a synonyms for “scientific 
literacy,” I did not want to make the assumption that they are, in fact, talking about the same 
concept. For one thing, “scientific literacy” can be viewed as a product, whereas “science for all” 
can be viewed as the means of achieving that goal. Even if both are viewed as end states, I have 
reason to believe that they are not the same goal, and may actually be contradictory aims 
(Tippins, Nichols, and Kemp, 1999; Kemp, 2000). 

To place the development of the scientific literacy concept in historical context, I found 
several sources to be quite helpful, including Bybee (1997), Cremin (1964), DeBoer (1991), 
Matthews (1994), Raizen (1991), Ravitch (1983), and Shamos (1995). Bybee’s 1982 paper on 
“Historical research in science education” also guided my inquiry. The “elements” which 
comprise the concept of scientific literacy were derived by open coding the documents, followed 
by some axial coding, as described by Strauss and Corbin (1990). 

Historical Meanings of “Scientific Literacy” 

1952-1963: “Period of Legitimation” 

Science educators at the time of W.W.II and immediately thereafter were especially interested 
in school science that students would find personally useful (Matthews, 1994). This “applied” or 
“practical” approach was in consonance with the precepts of the child-centered progressive 
education movement that pervaded all of education prior to the war (Cremin, 1964; Ravitch, 
1983). It was at this time that the term “scientific literacy” was apparently first introduced by the 
President of Harvard University, James Bryant Conant. 1 Conant wrote a Foreword for General 
Education in Science (Cohen and Watson, 1952) in which he discussed the need for individuals 
to evaluate experts and their advice: 



1 Paul Hurd (1958) is often credited with coining the term “scientific literacy” (e.g., DeBoer, 1991; Laugksch, 2000; 
Roberts, 1983). However, as Bybee (1997) points out, Conant used the term as early as 1952. 
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Such a person might be called an expert on judging experts. Within the field of his 
experience, he would understand the modem world; in short, he would be well educated 
in applied science though his factual knowledge of mechanical, electrical, or chemical 
engineering might be relatively slight. He would be able to communicate intelligently 
with men who were advancing science and applying it, at least within certain 
boundaries. The wider his experience, the greater would be his scientific literacy 
(Cohen and Watson, 1952, p. xiii, emphasis added). 2 
In Conant’s view, then, scientific literacy is a matter of education and experience, and it results in 
the ability to “communicate intelligently” about scientific and technical matters. Conant was no 
doubt asked to write this Foreword because he was seen as a leader in the “general education” 
movement, and he saw the “scientific world view as a hallmark achievement of Western 
civilization” (quoted in Holton, 1998/99, p. 184). 

In the 1 950s, science education began to undergo reforms as the result of several contextual 
factors. For one thing, the educational system in general was undergoing an expansion as a 
result of the post-war “baby boom,” resulting in more attention directed towards the schools 
(Ravitch, 1 983). Criticisms against the progressive education approach were also mounting 
during the early part of the decade (Bestor, 1953; Lynd, 1953; Woodring, 1953). These critics 
urged a return to the teaching of the core knowledge of the basic subjects, such as English, 
history, math, and science (Ravitch, 1983). Some academics, scientists, and professional 
associations were especially concerned that progressive curricula did not prepare students well 
enough in math and science to provide the country with the number of scientists and engineers 
perceived necessary to stay competitive with the Soviets (Matthews, 1994; Raizen, 1991). Then, 
in 1 957, the Russian satellite Sputnik was launched. Suddenly, the American public became 
highly conscious that science education in the United States was in need of reform. The idea of 
science education reform was discussed in many articles and reports, and occasionally in the 
public press. 3 In 1 958, the term “scientific literacy” or its morphs (“science literacy,” and 
“literate in science”) appeared in at least 3 of these reports and articles in connection with the 
idea of reform. 4 The first was a panel report for the “America at Mid-Century Series” project, 
funded by the Rockefeller Brothers. It included a short section about the “crisis” in US science 
education, which the writers attributed to “our breath-taking movement into a new technological 
era” (p. 28). The writers noted the technological prowess of the Soviet Union did not ‘cause’ the 
crisis, but rather served as a “rude stimulus to awaken us to that reality” (p. 28). They called for 
better education of scientists, but cautioned: 

There is a danger of training scientists so narrowly in their specialties that they are 
unprepared to shoulder the moral and civic responsibilities which the modem world 
thrusts upon them. But just as we must insist that every scientist be broadly educated, 



2 It is not insignificant that Conant refers to “men” and not women; this chauvinistic view predominated at that time 
and is also evident in later discussions of scientific literacy. It might also be argued that by “men” Conant was 
actually referring to Caucasian males and not to people of other colors, even though general education was 
purportedly "for all." 

3 For example, there was an article in the Saturday Review in 1957 — Bailey, H.S. (1957). How to be literate in a 
scientific age. Saturday Review 40, 13-15. 

4 1 have identified only one source that makes any distinction between the terms “scientific literacy” and “science 
literacy.” Maienschein (1999) suggests that “scientific literacy” refers to the scientific habits of mind needed by 
everyone, whereas “science literacy” refers to the scientific knowledge particular to experts. Maienschein, J. (1999). 
Commentary: To the future— Arguments for scientific literacy. Science Communication 27(1), 75-87. 
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so we must see to it that every educated person be literate in science. In the short run 
this may contribute to our survival. In the long run it is essential to our integrity as a 
society, (p. 28, emphasis added) 

However, the report did not go on to define the phrase “literate in science.” 

Even though he did not invent the term, Paul Hurd’s (1958) use of the term “scientific 
literacy” is given credit for introducing the concept as a major theme for science education 
(Bybee, 1997, Hurd, 1998). In 1958, Hurd published “Science Literacy: Its Meaning for 
American Schools” in the October issue of Educational Leadership. Hurd (1958) noted, “science 
with its applications in technology has become the most characteristic feature of modem society” 
(p. 1 3). Americans are concerned, he declared, that their children be able to “cope with a society 
of expanding scientific and technological developments,” as well as to “continue the accelerated 
momentum of science” (Hurd, 1958, p. 14). Therefore, 

More than a casual acquaintance with scientific forces and phenomena is essential for 
effective citizenship today. Science instruction can no longer be regarded as an 
intellectual luxury for the select few. If education is regarded as sharing of the 
experiences of the culture, then science must have a significant place in the modem 
curriculum from the first through the twelfth grade (Hurd, 1958, p. 13). 

Thus, Hurd (1958) claimed “science literacy” was necessary for all individuals in the interests of 
our collective “social progress and economic security” (p. 52). However, Hurd never explicitly 
defines what he means by the term “scientific literacy” in his 1958 paper. By implication we can 
see it has something to do with developing an understanding of science as a method of theoretical 
inquiry, an appreciation for science as a human endeavor, and a preparation for rapid changes in 
our cultures and world due to advances in science and technology. 

Hurd (1958) remarked that science education was being commented “upon by the President 
and debated in Congress” in the late 1950s. Opinions and money were also being contributed by 
businesses and industry. One such business was the Shell Chemical Corporation. Its president, 
Richard C. McCurdy, spoke about scientific literacy in ceremony at Cornell University honoring 
the Shell Merit Fellowship recipients. His speech was published in the November issue of The 
Science Teacher with the title, “Toward a Population Literate in Science.” McCurdy said an 
understanding and appreciation of natural science would “help prepare the student to participate 
in human and civic affairs, whatever his calling may be” (1958, p. 366). McCurdy advocated 
that all students be taught science, especially at the secondary level. He quoted from the 
“Rockefeller Report” referenced above, and also from the physicist Frederick Seitz (1958). In 
discussing the “non-science” student, Seitz (1958, p. 15) said he would 

Place primary emphasis on a continuing course in general science at the secondary 
school level, which gives familiarity with the history and accomplishments of science 
and its relation to the matters of everyday life. This should be descriptive and 
inspirational, placing emphasis upon the cultural roots and the goals of science and the 
countless ways in which it affects our understanding of the world about us. 

Seitz, however, did not actually use the term “science literacy,” and the above quotes are as close 
as McCurdy comes to defining what he means by “literate in science.” 

Thus the term “scientific literacy” began as “a rallying symbol for an educational ideology” 
(Roberts, 1983). Roberts (1983) refers to this early period in scientific literacy’s history as the 
“period of legitimation” (p. 25). The idea of scientific literacy in the 1950s and early 1960s 
included the premise that all students, not just those destined to become scientists and engineers, 
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